Apatite-biologically active glass composite (ABC) was synthesized and its microstructure, bioactivity and bending strength were studied. The existence of fluorapatite (FAp), Na2Ca2Si3O9 and the remainder glass was confirmed by XRD and SEM. From in vitro experiment, rapid formation of stable FAp film in 7 days was observed by IRRS, SEM and EPMA. Bending strength of ABC increased slightly with treatment time in trisaminomethane buffer solution to 30 days while under similar condition the strength of sintered hydroxyapatite (HAp) decreased gently. The increase of bending strength of ABC was closely related with the surface ion migration to form FAp. Radical crack tip blunting due to ion migration and/or stress releasing around tip was considered to be the main reason. From in vivo experiment, the bone bonding strength of ABC was 27MPa, higher than that of sintered HAp. The bone bonding strength, in this case, is equivalent to the fracture shear strength between bone and material after implantation in rabbit femur during 8 weeks. Furthermore, just the same as the result of in vitro experiment, FAp film formation on the surface of ABC was also observed in vivo, which suggested the possibility of slight increase of bending strength in living body. For clinical application as bone replacement or tooth implant, possible advantage of ABC regarding bending strength is expected to be (1) strength increase and (2) strength recovery after introduction of a new crack, during implantation in living body.
Introduction
Biomaterials are classified into two main groups: the first consists bioinert materials while the second includes bioactive implant material. Bioinert material does not have so strong connec tive interaction with bone tissue as bioactive material. Bioactive material makes tight chemic al bonding with bone1)-3). Biologically active glass (BAG) is well known for its high bone bonding strength1)-3). On the other hand, it has disadvantage about its mechanical strength, as glass is a brittle material. Hydroxyapatite (HAp) is the most popular as bioactive material. However, as we reported,4) its value of bone bonding strength is almost 70% of BAG (45S5, see Table 1 ). The mechanical strength of sintered HAp is not high enough for some applications, either.5) As to the clinical application, these bioactive materials are expected to apply for dental implant or bone tissue replacement where the load is moderate. Furthermore, when these bioactive materials are combined with metals or polymers, the materials are considered to possess high mechanical and bone bonding strength .
The mechanical stability of bioactive material in the body fluid is one of the significant problems in clinical applications.
For the purpose of possessing both high bone bonding strength and high mechanical strength, we developed a bioactive material ABC (Apatite-BAG composite) by sintering the mix ture of HAp and BAG. ABC had both good bending and bone bonding strength.6), 7) In the present study, we attempted to clarify the micro SEM image and EPMA line profile of elements for the cross section of ABC after 7 days in TBS.
3. 3 The properties of surface film generated after in vitro experiment Figure 3 shows the IRRS of ABC before treatment and after 30 days of treatment in TBS. All the vibrations about HAp were attributed, and the characteristics of the Ap generated on the BAG were already discussed in previous paper in detail.4) Before treatment, the internal stretching vibrations (around 1000cm-1) and two bending vibrations (530, 600cm-1) of the PO43-ion, which was contained in Ap structure, were observed. The stretching vibrations (920cm-1) and two bending vibrations (450, 510cm-1) of Si-O-R originated from crystallized BAG.
After 30 days of treatment, the vibrations of crystallized BAG disappeared, which indicates that the measured surface was fully covered with Ap film. Afterwards, the existence of CO32-(1400 cm-1) was also assigned. According to this Figure 8 shows the optical micrographs of ABC and HAp materials to compare the appearance of the area around indentation cracks. Vickers inde nter was used to introduce cracks at a load of 9.8 N for 15s in the air atmosphere. Figures 8 (a) and (b) are the photographs of ABC just after indenta tion and after in vitro experiments during 3 days. Figures 8 (c) and (d) are the photographs of HAp in analogous conditions. The appearance of the area around crack of HAp did not change after in vitro treatment. For ABC, however, the crack is beginning to be covered by FAp crystals. From this result, it is presumed that vigorous formation of FAp crystals may also occur in the area around crack tip, which could make sharp crack tip dull, release residual stress around tip and possibly shorten crack length. Thus the tip blunting and stress releasing around tip by FAp must have Table 3 . The values of bone bonding strength (MPa).
(c) Fig. 9 .
SEM image and EPMA area profile of elements for the cross section of the interface of bone and ABC after 6 month implantation in canine mandible. stopped. Supposing accidental introduction of fresh crack during implantation of ABC in living body, if the crack is long and sharp enough, it may decrease the mechanical strength of ABC at that instant ( Fig. 11 (a) ). However the rupture of FAp film will induce ion leaching until new FAp film will be formed ( Fig. 11 (b) ), consequently the mechanical strength may increase again. In this way, ABC is supposed to inhibit the decrease of mechanical strength by the new flaws intro duced after implantation. Further investigations are in progress.
4. Conclusions (1) ABC generated stable FAp film on its surface and its bending strength reached constant value after in vitro experiments.
As the formation of FAp was also confirmed in canine mandible, the results of in vitro experi ment are expected to be applied for in vivo experiment.
(2) The ion migration accompanied by the FAp film formation on ABC affected the surface flaws and resulted in the increase of bending strength after in vitro experiment. 
